Abstract. Cachexia and chronic inflammation are major challenges for cancer patients, leading to serious consequences. Accordingly, it is of high clinical relevance to identify early risk factors for optimal treatment, as these are currently not available. The present study demonstrates a strong decline in contact hypersensitivity, a parameter for cell-mediated immunity, in tumor-bearing cachectic mice. Interestingly, a significant reduction was already observed during the pre-cachectic state, reflecting an impaired immune function prior to weight loss. Extrapolating to the human setting, reduced immune competence of cancer patients could serve as an early marker for cancer cachexia, enabling an early supportive care strategy.
Introduction
Cancer cachexia occurs in the majority of cancer patients and is a major contributor to morbidity and mortality in advanced disease (1, 2) . Although there is still debate on the definition of cachexia, characteristics of this chronic condition of catabolism include, progressive, involuntary weight loss, wasting, anorexia, asthenia and fatigue (1) (2) (3) . Tumor-derived factors, therapeutic strategies, but also nutritional status, age and even stress and depression are involved in this process, resulting in a chronic inflammatory state and impaired immune responsiveness (1, 4, 5) .
Immune suppression is a major problem in these cancer patients leading to disease progression, increased complications and a delayed or suboptimal treatment protocol (e.g., surgery, chemotherapy, radiotherapy) resulting in a reduced quality of life and a poor prognosis (4) (5) (6) (7) . The dysfunction of the immune system involves multiple mechanisms and is in humans characterized by a reduction of monocyte-, macrophage-and dendritic cell (DC)-function and NK cell activity, leading to an increased risk of infections and a poor clinical outcome (4, 5, 8, 9) .
Prevention and treatment of cancer cachexia should be recognized as an integral part of cancer therapy. It might stop or reverse the nutritional decline and counteract dysfunction of the immune system in order to improve clinical outcome and quality of life (10, 11) . However, recent findings show that significant metabolic, biochemical and molecular changes on muscle proteolysis already occur in patients before any evidence of body weight loss (12) . Consequently, it is of high clinical relevance to investigate the appearance of immune suppression in the course of the cachexia process as well, in order to identify early risk factors.
A recently modified C26 tumor model was used to study the cachectic process and immune competence. Cachexia was induced by inoculation of murine colon adenocacinoma (C26) cells in syngenic CD2F1 mice leading to several cachectic features (13) (14) (15) (16) (17) . To measure immune competence contact hypersensitivity (CHS) towards oxazolone was measured as a validated in vivo parameter for Th1-mediated immune function. Th1 immunity is involved in anti-tumor immune responses, but plays a pivotal role in the defence against infections with pathogenic bacteria and viruses as well. CHS was measured at two time-points during the study, to observe changes in the immune status in a pre-cachectic and a cachectic state of the mice.
Materials and methods

Animals and diets.
Six to seven-week old syngenic male CD2F1 mice (BALB/c x DBA/2) were obtained from Harlan Nederland (Horst, The Netherlands). All experimental procedures were approved by the Animal Experimental Committee and complied with the principles of laboratory animal care. Animals were housed individually in a climatecontrolled animal care facility with a constant room temperature and humidity. All animals had free access to food and drinking water. Upon arrival animals were acclimatized for one week and subsequently randomized on basis of body- Experimental design. Murine colon-26 adenocarcinoma cells were used to induce cachexia in mice. Shortly, on day 0 tumor cells (5x10 5 cells in 0.2 ml) were inoculated, under general anaesthesia (isoflurane/N 2 O/O 2 ), subcutaneously into the right inguinal flank of CD2F1 mice in the tumor-bearing group. Animals in the control group received a sham injection with 0.2 ml HBSS. Body weight (BW), food intake and tumor size (length and width) were measured three times a week. To investigate effects on the immune system contact hypersensitivity (CHS) against oxazolone was determined, as an in vivo model for cellular (Th1-dependent) immunity (Fig. 1) . In experiment A, CHS was measured in a pre-cachectic state of the mice, while in experiment B CHS was determined when the mice were already cachectic (Fig. 1) . Briefly, on day 8 (experiment A) or day 15 (experiment B) all animals were sensitized with 150 μl 3% oxazolone solution [4-ethoxymethylene-2-phenyl-2-oxazolin-5-one (Sigma-Aldrich Chemie, Zwijndrecht, The Netherlands), 300 mg in 7.5 ml 96% ethanol and 2.5 ml acetone] applied on their shaved breast and abdomen. Subsequently, at day 13 (experiment A) or day 19 (experiment B) ear thickness was measured under general anaesthesia and all animals were hapten challenged with 25 μl 0.8% oxazolone solution (32 mg in 3 ml 96% ethanol and 1 ml acetone) topical to the ear pinnae. At day 14 (experiment A) or day 20 (experiment B) after tumor inoculation (24 h after the challenge), ear swelling was measured under general anaesthesia to determine the Th1 immune response. In both experiments A and B mice were sacrificed at day 20 and tumor, spleen, thymus, fat and skeletal muscles [m. Extensor Digitorum Longus (mEDL) and m. Tibialis Anterior (mTA)] were dissected and weighed.
Statistics. All data were expressed as means ± SEM. Statistical analysis was performed using SPSS 12.0.1 (SPSS Benelux, Gorinchem, The Netherlands). The effect of tumor inoculation was tested using a Student's t-test when data were normally distributed. A non-parametric Mann Whitney U test was performed when data were not normally distributed. Differences were considered significant at p<0.05.
Results
Animals in both the control (C) and tumor-bearing (TB)
group demonstrated a normal growth in bodyweight (BW) until day 14 (Fig. 2) . Afterwards, a very strong reduction of BW was observed in the TB compared to the C group, which was statistically significant from day 17 (p<0.05) to day 20 (p<0.001, Fig. 2 ). The tumor induced progressive cachectic state of the mice was confirmed by a significant reduction in carcass weight, fat weight and skeletal muscle weight at day 20 (p<0.001, Table I ), while food intake was not affected. At Table I . Physiological cachexia and immune parameters at day 20.
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Data represent means ± SEM of control (C) group (n=10) and tumorbearing (TB) group (n=9). a Significantly different (p<0.001) from control group (C).
-------------------------------------------------
this time-point cachectic mice demonstrated a very strong decline in immune competence as measured by CHS (79.4%, p<0.001, Fig. 3 ). However, CHS responses were not affected in cachectic mice only, already during the pre-cachectic state a significant reduced ear swelling has been observed (27.0%, p<0.01, Fig. 3) , reflecting an impaired immune function in tumor-bearing mice already prior to weight loss.
Discussion
The reduced immune function at day 20 could be explained by the cachectic and chronic inflammatory state of the mice. The pro-inflammatory cytokines interleukin (IL)-1ß, IL-6, tumor necrosis factor (TNF)-· and interferon (IFN)-Á and the eicosanoid PGE 2 play a major role in the impaired immune response to the tumor (1, 8) , but also to pathogens leading to an increased number and severity of infections. At day 14, pro-inflammatory cytokines may already play a role in this process, but the absence of cachectic features suggests that other mechanisms are involved as well. Animal studies, but also human clinical trials describe the presence of myeloid cells involved in the initiation of the inflammatory process. Circulating monocytes are recruited to the tumor site by inflammation associated chemokines and cytokines and differentiate into tumor-associated macrophages (TAM) (8, 18) . TAM exacerbate the inflammatory response at the tumor environment, further driving forward the malignancy cascade (8) . Recent published data describe the relationship between inflammation and metastasis as well (19) . Simultaneously, a population of suppressor cells called myeloid derived suppressor cells (MDSC) is induced by pro-inflammatory cytokines (18, 20) . MDSC are found in many patients and experimental animals with cancer and cause a profound immune suppression (20) .
The currently presented effects on immune function prior to weight loss may have important clinical implications when extrapolated to the human setting. Because the lack of biomarkers of a pre-cachectic state, immune function parameters, such as CHS, could serve as an early predictive marker for cancer cachexia which can be measured in cancer patients at risk for cachexia. The possibility to implement such an early marker would consequently enable an early supportive care strategy in these patients including specific nutritional interventions. The addition of immune modulatory ingredients might be an interesting opportunity for intervention, leading to a reduced inflammatory state, improved immune responsiveness and consequently, an improved performance status (10) . Early provision of nutritional support might improve an effective management of cachexia related health factors as well. Every cancer patient should be regarded as a potential candidate to develop immune dysfunction and other cachexia related features. Therefore, a multi-disciplinary approach (12) is recommended, which is initiated at the moment of diagnosis and runs parallel to the pathway of cancer therapies (Fig. 4) .
In conclusion, the immune competence of cancer patients should be monitored in early stages of the disease, since impaired immune function could serve as an early marker for cancer cachexia. Consequently, supportive care should be provided at the earliest time-point possible, to maximize the chance of reducing disease progression, reducing the frequency and severity of complications and improving treatment adherence. 
